The experiments are conducted in the experimental field of the Department of Botany, Rajshahi University during the winter season of [2005][2006] to study the effects of soil moisture and NPK fertilizers on grain growth of four barley varieties (Hordeum vulgare L.) following split-split plot design. The highest grain growth parameters like, spikelet number, spike dry weight, grain number and grain dry weight, spike relative growth rate and grain relative growth rate were observed in the I 2 treatment at different days after anthesis. F 3 treatment produced the highest spikelet number, spike dry weight, grain number, grain dry weight, spike relative growth rate and grain relative growth rate but the control produced the lowest values. BHL-3 produced higher spikelet number and grain relative growth rate. BL-1 produced higher spike dry weight, grain number, grain dry weight and spike relative growth rate.
very good source of dietary fiber. It has 4.5% soluble and 9% insoluble fiber. Fiber in barley is more soluble than those of oat and wheat. Barley flour contains 13.5% total dietary fiber, while wheat flour contains only 9% total dietary fiber (BARI, 2003 (BARI, -2004 . Huge amount of vitamin, protein and minerals are available in barley, which is useful to keep our body healthy and disease free (BARI, 2003 (BARI, -2004 . Foods prepared from barley are useful for diabetic and high blood pressure patients. It is suggested that barley could be therapeutic diet for diabetic patient, a good diet for kidney patient and the referred diet after convalescence (Ikegami et al., 1991) .
In spite of all these positive facts about barley, the barley cultivation trend in the country is consistently down word. The area and production of barley for the fiscal year 1991-92 were 40,000 acres and 10,000 tons, whereas, it is 3,000 areas and 1,000 tons in [2004] [2005] respectively. Thus, it is needed to cultivate barley to popularize among the growers. Barley through a minor crop of the country can play an important role in enhancing the food security of the country. The areas, where it grows well may be brought under barley cultivation. Whereas wheat, maize or rice cannot be possible to cultivate profitably due to saline or stress environment should be brought under barley cultivation (BARI, 2003 (BARI, -2004 .
Proper land preparation, optimum time of sowing, recommended doses of fertilizer and irrigation are not usually practiced to raise the crop production. Thus, the productivity of this crop is very poor compared to that of the other countries. There are many reasons for this and these are lack of well developed irrigation facilities, increased cost of irrigation and fertilizers, lack of stress tolerant high yielding varieties (HYVs) and lack of saline tolerant HYVs etc. Among these, water being extremely limited in most of the barley growing areas and essentially demands high efficiency in it's use.
Again, farmers of Bangladesh use different fertilizers indiscriminately without adequate information concerning actual soil requirements. A clear understanding on use of different doses of NPK fertilizers and their utilization efficiency are pre-requisite to avoid indiscriminate use of fertilizers.
However, very little work has been done in Bangladesh to develop package of improved management practices required to achieve higher yield of this crop. Thus, the objectives of this investigations werei)
to study the effects of soil moisture and NPK fertilizers on grain growth of barley.
ii) to assess optimum irrigation frequencies and to find out economic and optimum dose of NPK fertilizes.
iii) to find out a suitable variety of barley with respect to grain growth for higher yield.
MATERIALS AND METHODS
The experiment was conducted in the experimental field of the Department of Botany, University of Rajshahi during the period from November, 2005 to March, 2006 with for barley varieties namely BARI Barley-1, BARI Barley-2, BHL-3 and BL-1. The soil of the field was silty loam, having pH 7.5 as well as 35% moisture at field capacity. The experiment was arranged in split-split plot design with three replications. Each replicated field was divided into three main plots for irrigation treatment. Each main plot was divided into four sub-plots for fertilizer treatment. Each sub-plot was lastly divided into four sub-sub plots for four varieties of barley. Three levels of irrigation treatments (0,20, and 40 mm as I 0 , I 1 and I 2, respectively) were adopted at every 30 days interval for three times during the growing period of the crop. Four levels of fertilizer treatments were used. NPK levels (kg/ha) for N as area were 0, 40, 80 and 120; for P as TSP were 0, 25, 50 and 75 and lastly for K as MP were 0,15, 30 and 45. These recommended basal doses of fertilizers were applied as F 0 , F 1 , F 2 and F 3 at each split plot before sowing of seeds. Each split plot size was 4 m × 1.8m, having a plot to plot distance 1m, replication to replication distance 2 m, row to row 20 cm, and plant to plant 5 cm. Intercultural operations sere adopted as and when necessary.
For grain growth analysis, five grain harvests were done at equal interval of seven days after anthesis. For this, main spike per plant per treatment per variety per replication was selected, tagged with identifying marks to collect them at 7, 14, 21, 28 and 35 days after anthesis (DAA), At each harvest, the spikes were packed separately in labelled paper bags and were dried in oven for 72 hours at 85 0 C. Various components of grain growth analysis were spikelet number, (SN), spike dry weight (SDW) in gm, grain number (GN) and grain dry weight (GDW) in gm, spike relative growth rate (Spike RGR) and relative growth rate (Grain RGR) were also determined from between two successive harvests of spike and grain growth stages by using the following formulae according to the classical technique of growth analysis (Radford, 1967) .
Where, W 2 and W 1 are the spike or grain dry weights per spike (main tiller) at the later (t 2 ) and the former (t 1 ) grain growth harvest respectively.
Statistical analysis was carried out following to Gomez and Gomez, 1984 .
RESULTS AND DISCUSSION

Effect of irrigation
Mean squares from the analysis of variance of Spikelet number, spike dry weight (g), grain number, grain dry weight (g), spike RGR (gg -1 day -1 ), grain RGR (gg -1 day -1 ) of four barley varieties as influenced by different soil moisture regimes and NPK fertilizers are shown in Table 1 . The lowest spiketet number was produced by the non-irrigated plants. Irrigation increased the number of spikelets spike -1 , thus the I 2 treatment produced the highest spikelet number (46.188) ( Table 2 ). This result is corroborated with okuyama and Igarashi (1990); Rahman et al. (2001); Haider (2002); Rahman (2004) in wheat. Irrigated plants had higher spike dry weight (g) than the rainfed plants. The rainfed plants had the lowest spike dry weight (0.534g) at 7 DNA. Rahman and Paul (1998) noticed similar findings in wheat. The highest number of grains spike -1 (35.813) was in the irrigated plants (I 2 treatment) and the lowest (21.563) was in the control (I 0 treatment). Similar results were also reported by Labuschagne and Van-Deventer (1992) and Rahman (2004) in wheat. The highest grain dry weight (1.166 g) was in the I 2 treatment and the lowest was in the control (0.309 g). Similar results were also stated by Machado and Paulsen (2001); Haider (2002) ; Rahman (2004) in wheat. Rainfed condition resulted on the lowest RGR of spike (0.025 gg -1 day -1 ) at 14 DAA. I 2 treatment had the highest RGR of spike (0.079 gg -1 day -1 ) at 7 DAA. Higher grain RGR was in the irrigated plants (0.071 gg -1 day -1 ) at 7 DAA than those in the rainfed plants (0.021 gg -1 day -1 ). This result is in agreement with Haider (2002) in wheat. 
Effect of NPK fertilizers
Fertilizer applied plants produced higher number of spikilet spike -1 than that of nonfertilized plants. F 3 treatment produced the highest spikelet number (49.875) and this number increased with the increase of NPK application (Table 3) . Similar trend of the effects of fertilizer was noticed in barley by Alam (2003) and in wheat by Singh et al. (1992) ; Patel et al. (1995) ; Tarique (2003) ; Rahman (2004) ; Khaleque (2005) . Higher spike dry weight (2.446 g) was produced by the fertilizer applied plants than that of the control. The non-fertilizer treatment resulted in the lowest spike dry weight (1.143 g) at 35 DAA. This result was also corroborated with Rahman (2004) ; Khaleque (2005) in wheat. F 3 Fertilizer plants produced the highest number of grains spike -1 (33.417) and the lowest was in no fertilizer application treatment. Rahman (2004) ; Khaleque (2005) noticed similar findings in wheat. Higher grain dry weight (g) was in the fertilizer treated plants than in the control. Increased grain dry weight (g) was produced by increasing fertilizer levels. F 3 treatment had the highest grain dry weight (1.347g). Haque (2000); Rahman (2004); khaleque (2005) reported similar findings in wheat. The highest spike RGR was obtained in the F 3 treatment (0.077 gg -1 day -1 ) at 7 DAA and the lowest was in F 1 treatment (0.017 gg -1 day -1 ). The lowest grain RGR was in the non-fertilized plants at all the DAA. Fertilizer treated plants had higher grain RGR than the control. The highest grain RGR (0.049 gg -1 day -1 ) was in the F 3 treatment. Rahman (2004) and Khaleque (2005) found similar findings in wheat. 
Effect of varieties
BHL-3 had the highest number of spikelet spike -1 among the varieties (41.250). BL-1 had the highest spike dry weight (1.813 g) as well as grain dry weight (1.058 g) at the last harvest. Again the highest grain number (28.333) was found in BL-1 at the first harvest. At first harvest interval, BL-1 had the highest spike RGR, whereas, the highest grain RGR was observed in BHL-3 (Table 4 ). From the present study, it is revealed thati) Increasing levels of soil moisture and NPK fertilizers influenced to increase the different characters of grain. BHL-3 produced the highest spikelet number (SN) and grain RGR and BL-1 produced the highest spike dry weight (g), grain number, grain dry weight (g) and spike RGR.
ii) Among the four varieties of barley, BL-1 was highest in grain growth at the highest level of irrigation and fertilizer than that of control (Mollah, 2007) .
iii) If the soil moisture and fertilizer levels are maintained properly, better grain growth and higher grain yield can be achieved from the variety BL-1.
